C olorectal cancer affects over 1.3 million individuals in the United States. 1 In response to the need for improved survivorship care, the American Cancer Society (ACS) published guidelines for nutrition during and after cancer treatment in 2001.
2-5 The current guidelines are to (1) achieve and maintain a healthy body weight; (2) engage in regular physical activity; and (3) achieve a dietary pattern high in vegetables, fruits, and whole grains. 3 A lifestyle consistent with the ACS guidelines in healthy people is associated with lower risk of cancer mortality and overall mortality. [6] [7] [8] Guideline adherence has also been correlated with higher quality of life among survivors of colorectal cancer. 9 It is not known, however, whether following the guidelines after colorectal cancer diagnosis is associated with reduced risk of recurrence or mortality. Data suggest that lifestyle may have an impact on colorectal cancer outcomes. 10 Our group reported that a western dietary pattern was associated with a 3-fold increased risk of colon cancer recurrence and death, 11 and physical activity after diagnosis was associated with a 50% lower risk of recurrence and death. 12 Additionally, our group and others have reported that body size is associated with colorectal cancer recurrence and death, although the body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) associated with the lowest mortality rate may be higher in patients with cancer than in healthy individuals. 13 No study has looked at the combined effect of BMI, physical activity, and diet after colorectal cancer diagnosis. We sought to determine whether patients with colon cancer who had a lifestyle consistent with the ACS Nutrition and Physical Activity Guidelines for Cancer Survivors (hereafter referred to as the ACS guidelines) had longer disease-free, recurrence-free, and overall survival.
Methods

Study Population
This prospective study was conducted among 1264 patients with stage III colon cancer enrolled in the Cancer and Leukemia Group B (CALGB) 89803 study, an adjuvant chemotherapy trial, between 1999 and 2001. CALGB is now part of the Alliance for Clinical Trials in Oncology. Patients were randomized within 8 weeks of cancer resection. A lifestyle survey was administered in the clinic midway through, and 6 months after, chemotherapy; 1095 (87%) patients completed survey 1, and 981 (78%) patients completed survey 2. 14 We excluded 8 patients whose cancer recurred before the survey and 57 patients for inadequate survey responses (dietary intake of >3500 or <500 kcal/d for women; >4200 or <600 kcal/d for men; or ≥70 items missing). We also excluded 19 individuals who experienced an event within 90 days of survey 1 and 12 individuals with a BMI lower than 18.5 to limit reverse causation due to underlying disease. Finally, we excluded 1 individual with missing BMI and 6 individuals with missing physical activity on both surveys. After exclusions, there were 992 patients eligible for analysis. The study was approved by the institutional review boards of all participating institutions, and each participant signed an informed consent statement in accordance with federal and institutional guidelines.
Dietary Assessment
Patients completed a validated food frequency questionnaire (FFQ) that queried intake of 131 items over the past 3 months in up to 9 frequency options ranging from never to 6 or more times per day, as previously described. [15] [16] [17] [18] Items of interest included fruits, vegetables, whole grains, refined grains, red and processed meats, and alcohol (eTable 1 in the Supplement).
Physical Activity Assessment
Patients reported average time per week over the past 2 months performing 9 common leisure-time activities, as previously described. 12 Ten response options ranged from 0 to 11 or more hours per week for each activity. To calculate total metabolic equivalent task (MET) hours per week (MET-h/wk) of physical activity, we assigned each activity a MET value, multiplied the activity-specific MET value by the amount of time the participant engaged in that activity, and summed across all activities.
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ACS Guidelines Score
We quantified the degree of concordance between patients' lifestyles and the ACS guidelines using a score developed by McCullough et al. 8 The score included BMI, physical activity, and intake of vegetables and fruits, proportion of total grains consumed that were whole grains, and intake of red and processed meat (eTable 2 in the Supplement). 3, 6 The overall score ranged from 0 to 6, with higher scores indicating behavior more consistent with the guidelines. In our primary analysis, we calculated the cumulative average ACS guidelines score using data from both surveys weighted to follow-up time, as previously described.
11, 14, 15 We considered alternative scoring for BMI in an a priori secondary analysis. The ACS guidelines recommend a BMI of 18.5 to 24.9. However, a BMI of 23.0 to 29.9 has been associated with lower risk of recurrence or death among patients with colorectal cancer.
20 Therefore, we examined alternative cut points for BMI: 0 points for 35.0 or higher; 1 point for 18.5 to 22.9 or 30.0 to 34.9; and 2 points for 23.0 to 29.9. In addition, alcohol consumption is included in the ACS guidelines for Cancer Prevention, but not among cancer survivors. Given patient interest and a possible benefit of low to moderate alcohol consumption for colon cancer survivors, 21 we conducted a secondary analysis including alcohol intake in the score.
Key Points
Question Do patients with colon cancer who follow the American Cancer Society's Nutrition and Physical Activity Guidelines for Cancer Survivors (ACS guidelines) have better survival rates than those who do not follow these guidelines?
Findings In this cohort study of 992 patients with colon cancer, a lifestyle consistent with the ACS guidelines was associated with a 42% lower risk of death during the study period. The 5-year survival probability was 85% for patients with high concordance with the guidelines and 76% for patients with low concordance with the guidelines, a 9% absolute reduction in risk of death at 5 years.
Meaning Patients with colon cancer who follow the ACS guidelines during and after treatment may have a higher 5-year survival rate.
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For this analysis, we applied the cut points described by McCullough et al 8 : 0 points for more than 1 drink per day for women, or more than 2 drinks per day for men; 1 point for no drinks, both men and women; and 2 points for more than 0 but 1 or fewer drinks per day for women, or more than 0 but 2 or fewer drinks per day for men. A score using these cut points was more strongly associated with all-cause and cancer-specific mortality in healthy individuals compared with a score that assigned 2 points for no alcohol. 8 The ACS guidelines score including alcohol ranged from 0 to 8, with a score of 8 indicating complete concordance with the ACS guidelines plus low to moderate alcohol consumption.
Outcome Assessment
Our primary outcome for this analysis was overall survival, defined as time from survey 1 to death. We also examined disease-free and recurrence-free survival. Disease-free survival was defined as time to tumor recurrence, occurrence of a new primary colon tumor, or death from any cause. Recurrencefree survival was defined as time to tumor recurrence or new primary colon tumor; patients who died without recurrence were censored. Follow-up included nearly 100% of enrollees.
Statistical Analysis
There was no difference in survival between treatment arms in CALGB 89803, so we analyzed all patients as a prospective cohort. 22 We used Cox proportional hazards regression to calculate hazard ratios (HRs) and 95% confidence intervals (CIs). We combined patients with ACS guidelines scores of 0 and 1 and patients with scores of 5 and 6 owing to low numbers in both categories (6% had 0 points [n = 61]; 20% had 1 point [n = 201]; 7% had 5 points [n = 72]; and 2% had 6 points [n = 19]). Our first model was adjusted for total caloric intake, age, and sex. Our multivariate model was additionally adjusted for T stage (T1-T2, T3-T4, missing), number of positive lymph nodes (1-3, ≥4, missing), Zubrod performance status (0, 1-2, missing), treatment arm, smoking status (never, past, current, missing), and aspirin use (yes, no, missing). Adjustment for race; median household income by zip code; glycemic load; and intake of long-chain ω3 fatty acids, nuts, coffee, or sugar-sweetened beverages did not change our results, and these variables were omitted from our final models. We confirmed that the proportional hazards assumption was valid by including a cross-product between the score and time in our multivariate model and using a Wald test. 23 We also examined whether age, sex, race, performance status, or treatment arm modified our results by including the cross-product between the score and potential effect modifier in our model and using a Wald test. The Alliance Statistics and Data Center collected the data following strict policies for data quality. All analyses were based on the study database frozen on November 9, 2009.
Absolute Risk Difference, Number Needed to Treat, and PAR
We estimated the absolute risk difference of death at 5 years, the number needed to treat for 5 years to prevent 1 death, and the population-attributable risk (PAR) between patients with ACS guidelines scores of 4 or higher and 5 or higher vs lower scores. There were only 19 individuals with a score of 6, so we were unable to examine this group. The Cox proportional hazards model does not estimate the baseline hazard; therefore, we fit a Weibull survival model with proportional hazards to estimate the risk difference. 24 To calculate the number needed to treat, we divided 100 by the absolute risk difference. The number needed to treat represents the number of patients with stage III colon cancer and lower ACS guideline scores who would need to achieve the specified score for 5 years to prevent 1 death. For all analyses, we assumed that the patients' lifestyle measured at 2 time points approximately 1 year apart was a measure of their long-term lifestyle as a cancer survivor. The PAR is the percentage of deaths occurring among patients with stage III colon cancer that hypothetically could be prevented if all patients followed the ACS guidelines. We calculated the PAR based on the proportion of exposed individuals (P e ) and the HR using the following equation 
Sensitivity Analyses
We performed several sensitivity analyses. First, we excluded 43 individuals who experienced an event 90 to 180 days after survey 1 to further evaluate reverse causation (individuals who experienced an event within 90 days were excluded in our primary analysis). Second, we were concerned that patients' lifestyle as reported on survey 1 might have been influenced by treatment, so we used survey 2 to classify patients' adherence to the guidelines and started follow-up at survey 2. Third, we explored change in the ACS guidelines score between survey 1 and survey 2 in relation to overall survival. We combined patients who increased their score by 2 (n = 81, 8%) or 3 (n = 18, 2%) points and patients who decreased their score by 2 (n = 69, 7%), 3 (n = 17, 2%), or 4 (n = 1, 0%) points. This model was adjusted for the factors in our multivariate model plus patients' score on survey 1. Finally, we examined whether results differed with 2 alternative diet subscores, one omitting variety of fruits and vegetables and the other omitting red and processed meats.
All statistical analyses were performed using SAS software, version 9.4, and 2-sided P < .05 was considered statistically significant.
Results
We observed 378 events of cancer recurrence or death among the 992 study patients with colon cancer (median follow-up, 7 years). There were 335 recurrences and 299 deaths; 256 deaths occurred (86%) after cancer recurrence. Patients whose lifestyle was consistent with the ACS guidelines were more likely to be white, women, and never smokers; there were no differences in age, aspirin use, performance status, or clinical factors ( Table 1) .
A lifestyle consistent with the ACS guidelines after colon cancer diagnosis was associated with longer survival (Table 2) . Compared with patients with a score of 0 or 1, patients with a score of 5 or 6 had an adjusted HR for overall survival of 0.58 (95% CI, 0.34-0.99; P = .01 for trend). There was a statistically significant trend toward improved disease-free survival (ACS guidelines score of 5-6 vs 0-1, HR, 0.69; 95% CI, 0.45-1.06; P = .03 for trend) and a nonstatistically significant trend for improved recurrencefree survival (ACS guidelines score of 5-6 vs 0-1, HR, 0.78; 95% Red meat and processed meat, median (IQR), servings/wk 7.2 (5.0-9.8) 6.1 (4.1-8.9) 5.3 (3.5-9.4) 4.9 (3.3-7.5) 3.9 (2.7-6.4) <.001
Alcoholic drinks, median (IQR), drinks/wk 0.2 (0-1.6) 0.5 (0-3.6) 0.6 (0-3.5) 0.9 (0-3.8) 1.5 (0.2-6.0) <.001
Abbreviations: ACS Guidelines, American Cancer Society Nutrition and Physical Activity Guidelines for Cancer Survivors 2-5 ; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); IQR, interquartile range; MET, metabolic equivalent task.
a P values calculated using a χ 2 test for categorical measures and a Kruskal-Wallis test for continuous measures.
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Association of Colon Cancer Survival With ACS Guideline Adherence CI, 0.51-1.20; P = .11 for trend). There was no evidence of effect modification by age, sex, race, performance status, or treatment. As hypothesized, the association appeared stronger when we assigned 2 points in the ACS guidelines score to patients with a BMI of 23.0 to 29.9 (eTable 3 in the Supplement).
The results were strengthened and statistically significant for all outcomes when we included alcohol use in the ACS guidelines score (all supporting data reported in Table 2 ). The adjusted HRs comparing patients with a score of 6 to 8 vs those with a score of 0 to 2 were 0.49 (95% CI, 0.32-0.76; P = .002 for trend) for overall survival; 0.58 (95% CI, 0.40-0.84; P = .01 for trend) for disease-free survival; and 0.64 (95% CI, 0.44-0.94; P =.05 for trend) for recurrence-free survival.
Absolute Risk Difference, Number Needed to Treat, and PAR Adherence to the ACS guidelines (score of 5-6) was associated with a 9.0% absolute reduction in the risk of death at 5 years (95% CI, 2.2%-15.9%) compared with a score of 0 to 4 ( Table 3) . Assuming a causal association, 12 patients with stage III colon cancer would need to adopt a lifestyle consistent with the ACS guidelines for 5 years to prevent 1 death. Applying the data from our study population, P e = 0.09 (proportion of patients with 5-6 
Individual Score Components
The score components had independent, but not all statistically significant, associations with death after colon cancer Contrary to the guidelines, low intake of red and processed meat after colon cancer was associated with an increased risk of death (HR Q1 vs Q4, 1.72; 95% CI, 1.15-2.58). Finally, compared with abstainers, heavy drinkers had a nonstatistically significant increased risk of death (HR, 1.28; 95% CI, 0.81-2.01), while patients consuming low to moderate amounts of alcohol had a nonstatistically significant decreased risk of death (HR, 0.87; 95% CI, 0.66-1.14).
Sensitivity Analyses
Our results were unchanged when we started follow-up at survey 2 (HR for ACS guidelines score of 5-6 vs 0-1, 0.23; 95% CI, 0.08-0.63) or excluded 43 patients whose cancer recurred or who died 90 to 180 days after the survey (HR for score of 5-6 vs 0-1, 0.49; 95% CI, 0.27-0.88). Compared with the 356 patients who did not change their lifestyle from survey 1 to survey 2 (36%), patients who increased their ACS guidelines score by 2 or 3 points (n = 99; 10%) had an HR for overall survival of 0.67 (95% CI, 0.41-1.08; P = .10). The HR for overall survival remained essentially unchanged when omitting variety of fruits and vegetables (HR for score of 5-6 vs 0-1, 0.59; 95% CI, 0.35-1.00) or red and processed meats (HR for score of 5-6 vs 0-1, 0.63; 95% CI, 0.38-1.05) from the diet subscore.
Discussion
In this prospective study, patients with stage III colon cancer and a lifestyle consistent with the ACS guidelines (score, 5-6) had a 42% lower risk of death compared with patients who did not (score, 0-1). The absolute reduction in risk of death at 5 years was 9% comparing patients with a score of 5 or 6 vs those with a score of 0 to 4. To our knowledge, no prior study has evaluated the ACS guidelines after colon cancer in relation to survival. Among 65 838 women without cancer, the ACS guidelines were associated with a 61% lower risk of colorectal cancer-specific mortality (HR, 0.39; 95% CI, 0.24-0.63; P < .001).
6 Among 2017 female cancer survivors, women with diets consistent with the American Institute for Cancer Research guidelines (similar to the ACS guidelines) had a 20% lower risk of death during the study period (HR, 0.80; 95% CI, 0.64-1.00; P = .05). 26 No association was observed among the 380 women with colorectal cancer in that study, but there were few events among those patients (n = 82), and diet was assessed approximately 9 years after diagnosis (after most events of colorectal cancer recurrence and death would have occurred). In 1 of the only other studies to examine a diet quality score after diagnosis, women with diets consistent with the Health Eating Index after breast cancer had a 26% lower risk of death during the study period (HR, 0.74; 95% CI, 0.55-0.99; P = .04).
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It is plausible that following the ACS guidelines after colon cancer diagnosis inhibits recurrence and death. Extensive data suggest that a healthy body size, physical activity, and diet rich in vegetables, fruits, and whole grains improves insulin sensitivity, decreases inflammation, and increases vitamin D levels. 28 These biomarkers have all been consistently associated with colorectal cancer survival.
28,29
Each component of the score (BMI, physical activity, diet) was independently associated with survival after colon cancer. However, as previously reported, the BMI associated with the lowest risk of death for patients with colon cancer was higher than the ACS guidelines recommendation (23.0-29.9 vs 18.5-24.9). 20 This may reflect reverse causation, since weight loss commonly occurs as cancer progresses. Alternatively, it is possible that a BMI of 23.0 to 29.9 reflects an optimal muscle mass to fat ratio for patients with colon cancer. 30 For physical activity, we observed a benefit at 8.75 MET-h/week, approximately 150 minutes per week of moderate activity such as brisk walking. For diet, choosing whole over refined grains and eating 5 or more servings per day of vegetables and fruits were associated with improved colon cancer survival. Low intake of red and processed meat did not appear to contribute to the benefit of the ACS guidelines, consistent with data from the a Cox proportional hazards model comparing patients with the score of interest vs patients with all lower scores. Adjustment for age, sex, total caloric intake, and clinical factors did not change the estimates, so these variables were omitted owing to the small number of events in the higher categories.
b Difference in probability of survival at 5 years in patients with the score of interest minus probability of survival at 5 years in patients with all lower scores calculated using a Weibull survival model with proportional hazards.
c The number of patients with lower scores who would need to achieve the specified score for 5 years to prevent 1 death. Estimated by 100 ÷ RD and rounded up to the nearest whole number. 
Limitations
Our study has a number of strengths, including many events, standardized cancer treatment, repeated lifestyle assessments, and complete follow-up. However, there were several limitations. First, there was the potential for reverse causation. To limit reverse causation, we excluded patients whose cancer recurred or who died within 90 days of the survey and within up to 180 days of the survey in a sensitivity analysis. Additionally, all of the patients had comprehensive staging and good performance status when they completed survey 1. Second, we cannot conclude that the associations we observed are independent of patients' prediagnosis lifestyle or that changing behaviors after diagnosis will achieve the observed results. Third, there is measurement error in lifestyle assessments, but the error is likely nondifferential in our analysis owing to our prospective data. Fourth, our study population was predominantly white, and patients in trials may not be representative of all patients with colon cancer. We did not observe evidence of effect modification by race, but future studies in more diverse cohorts are needed. Finally, while adjustment for risk factors for cancer recurrence and death had little impact on our effect estimates, we cannot exclude the possibility of confounding or prove causation.
Conclusions
In conclusion, patients with colon cancer who had a healthy body weight, were physically active, and ate a diet rich in vegetables and fruits and chose whole over refined grains had a 42% lower risk of death during the study period than patients who did not engage in these behaviors. Clinical trials of lifestyle change in colon cancer are needed. 
Vegetables
Tomatoes (1); tomato sauce (1/2 cup) e.g., spaghetti sauce; salsa, picante or taco sauce (1/4 cup); tofu or soybeans (3-4 oz.); string beans (1/2 cup); broccoli (1/2 cup); cabbage or cole slaw (1/2 cup); cauliflower (1/2 cup); Brussels sprouts (1/2 cup); carrots, raw (1/2 carrot or 2-4 sticks); carrots, cooked (1/2 cup) or carrot juice (2-3 oz.); corn (1 ear or ½ cup frozen or canned); peas or lima beans (1/2 cup fresh, frozen or canned); mixed vegetables (1/2 cup); beans or lentils, baked or dried (1/2 cup); dark orange (winter) squash (1/2 cup); eggplant, zucchini or other summer squash (1/2 cup); yams or sweet potatoes (1/2 cup); spinach, cooked (1/2 cup); spinach, raw as in salad (1/2 cup); kale, mustard, or chard greens (1/2 cup); iceberg or head lettuce (serving); romaine or leaf lettuce (serving); celery (4" stick); green peppers (3 slices or ¼ pepper); onions as a garnish or in a salad (1 slice); onions as a vegetable, rings or soup (1 onion)
Whole Grains
Whole grain cold breakfast cereal (1 cup); cooked oatmeal/cooked oat bran (1 cup); other cooked breakfast cereal (1 cup); dark bread (slice), including wheat pita bread; brown rice (1 cup); other grains, e.g., bulgar, kasha, couscous, etc. (1 cup); oat bran, added to food (1 tbs.); other bran, added to food (1 tbs.); wheat germ (1 tbs.)
Refined Grains
Non-whole grain cold breakfast cereal (1 cup); white bread (slice), including pita bread; bagels, English muffins, or rolls (1 whole); muffins (regular) or biscuits (1); white rice (1 cup); pasta, e.g., spaghetti, noodles, etc. (1 cup); pancakes or waffles (3 pieces); crackers, triscuits, wheat thins (5)
Red and Processed Meats
Bacon (2 slices); beef or pork hot dogs (1); salami, bologna, or other processed meat sandwiches; processed meats, e.g., sausage, kielbasa, etc. (2 oz. or 2 small links); hamburger, lean or extra lean (1 patty); hamburger, regular (1 patty); beef, pork, or lamb as a sandwich or mixed dish, e.g., stew, casserole, lasagna, etc.; pork as a main dish, e.g., ham or chops (4-6 oz.); beef or lamb as a main dish, e.g., steak, roast (4-6 oz.)
Alcohol
Beer, regular (1 glass, bottle, can); light beer, e.g., Bud Light (1 glass, bottle, can); red wine (4 oz. glass); white wine (4 oz. glass); liquor, e.g., whiskey, gin, etc. (1 drink or shot)
